Sung-Sam Kim and Jeong-Dae Kim. 2019. Overview onf the Development of Aquaculture and Aquafeed Production in Korea. Aquacultura Indonesiana, 20 (1): 1-7. According to KOSIS (2018), total landings of capture and culture fisheries in Korea increased from 1,073,000 metric tons (MT) in 1971 to 3,743,000 MT in 2017 mainly due to the development in marine aquaculture practices. During the last four decades, marine aquaculture production in Korea showed around 5-fold increases from 491,000 MT in 1977 to 2,310,000 MT in 2017 recording the value of 2.9 billion USD. Last year, the main production was derived from seaweed (1,755,630 MT), while the aquatic animal production was made from shellfish (428,160 MT), fish (86,400 MT), crustacean (mainly shrimp of 5,100 MT) and others (34,530 MT). Either trash fish or moist pellet based on the raw fish is still being fed to marine culture fish, which is the main obstacle for developing the farming. The present situation and development direction are suggested for the mariculture development in Korea.
History of Aquaculture
South Korea has mostly surrounded by sea and has 2,413 km coastline along three coasts (east, west and south coasts) and its land mass is approximately 100,032 km2. As capture production mainly from inshore and offshore catches continuously decreased, a great attention has been paid to aquaculture which is now one of the very important sectors in terms of food security, revenue and employment to the country (Yoon, 2008) . Aquaculture is mainly divided into two categories, marine and inland cultures.
Mariculture production is composed of seaweed, molluscs, finfish, crustacean and other animals, while inland aquaculture is mostly based on finfish production. According to KOSIS (2018) , total value of the fishery production hit a record of 8,614 million dollars in 2017, of which main portion came from inshore catch, followed by mariculture and offshore catch, while inland fishery contributed the least for the record (Table  1) . DOI : http://dx.doi.org/10.21534/ai.v20i1.128 
Aquaculture Species and Production
In 2017, total fishery landings reached 3,743,000 MT, of which 61.7% (2,310,000 MT) was provided by mariculture corresponding to 34.3% in terms of total value. Inland fishery production (36,000 MT) basically originated from finfish culture represented only 0.9% of total fishery landings, although it amounted to 5.3% in terms of value (Figs. 1, 2 and 3) .
Seaweed aquaculture began in 1960's and sea mustard (Undaria pinnatifida), kelp (Laminaria spp.) and laver (Porphyra tenera) are the main cultured species in Korea. Seaweed production of 1,756,000 MT ranked first in total mariculture production in 2017. Main species of molluscs include oyster (Crassostrea gigas), mussel (Mytilus edulis) and ark shells (Scapharca broughtonii) which have been cultured since the 1970's. As the second most important group of mariculture, molluscs of 428,156 MT were produced in 2017. Abalone (Haliotis discus hannai) is now the most important species in terms of production value (Fig. 4) . Finfish, the third important production group, is dominated by olive flounder (Paralichthys olivaceus) and rockfish (Sebastes schlegeli), of which artificial seed production techniques were developed in 1990 and 1992, respectively. Since then, substantial culture practices were initiated and the main two species now consist of 80% of the total of mariculture finfish production. Even though marine finfish production of 86,400 MT is fairly lower than those of seaweed and molluscs, it de facto represents the highest production value among the mariculture groups (Fig. 5) . Whiteleg shrimp (Penaeus vannamei) is the sole species being cultured since 2004. Although the production of 5,100 MT is negligible, it ranks seventh in terms of production value (Fig. 4) . In addition, sea squirts (Halocynthia roretzi and Styela clava) are also cultured and categorized as others in the current aquaculture species in Korea.
Finfish production in freshwater accounts for more than 80% of inland fishery production. Main species include Japanese eel (Anguilla japonica), catfish (Silurus asotus) and rainbow trout (Oncorhynchus mykiss). It should be noted that fish farming in Korea was developed with cage culture of common carp (Cyprinus carpio) in artificial lakes since 1984, which was, however, totally disappeared in 2000 with increased public concerns against water pollution. In 2017, main species production was 13,000 MT, 6,300 MT and 3,700 MT for eel, catfish and rainbow trout, respectively (KOSIS, 2018). 
Aquafeed Production
Aquafeed development was initially made for freshwater species including carp, rainbow trout, and eel along with advanced fish farming practices. The highest feed production (94,846 MT) for freshwater species was achieved in 1995, of which 61% (58,069 MT) were fed to carp. In accordance with an increase in public concerns on carp farming practice against water pollution, most cage farms started taking away from artificial lakes and freshwater feed production, leading to a significant decrease such as 47,948 MT in 1999 with carp diet of only 6,907 MT. Feed production for mariculture fish and shrimp increased from 28,123 MT in 1995 to 52,948 MT in 1999. Since 1999, the feed production for mariculture overtook that for freshwater fish culture. On the other hand, unexpected increase in feed production for eel since 2014 was mainly due to the change in harvesting size from 4-5 fish to 1-2 fish/kg and recorded 28,899 MT in 2017. In 2018 , however, it is anticipated that the production would be decreased to 14,500 MT due to a recent sharp decrease in elver catch. As a whole, total aquafeed production amounted to 151,150 MT in 2017, which were divided into 66.9% and 33.1% for marine and freshwater species, respectively (Table 2) . On the other hand, aquafeed occupied only 0.78% of total animal feed production (18,910,000 MT) in 2017.
All diets for cultured fish and shrimp are manufactured to extruded pellet (EP) using the extruder except eel feed, which is made as a powder type mixed with pregelatinized starch al Generally and 10% powder type of formul in Table 3 , total feeds consumption by marine finfish species amounted to 582,776 MT in 2017, of which 85% were MP. It should be noted that the MP used to produce marine finfish of 86,400 MT corresponding to a half of the inshore catch in 2017 (Fig. 1) . On the other hand, 80% of the MP were distributed to be produced for two species including olive flounder and rockfish, suggesting that mariculture of those species is still in the far distance from the sustainable farming practice. In fact, frequent disease outbreaks, as well as water pollution by wasted feeds, are the main problems raised by feeding the MP (Kim, 2018) . Also, the use of the MP threatens the depletion of marine fishery stocks. For example, this phenomenon is much severe in China. According to the recent report (GEA, 2017) , approximately 4.95 million MT of trash fish was used in direct feeding aquaculture, of which 66% (3.24 million MT) were used for mariculture finfish production in 2014. Such trash fish wasere mainly derived from marine catch fishery (GEA, 2017) .
Many fish farmers are prepossessed with the idea that a hard type of EP could cause a severe digestive problem like ascites after ingested. Even though a number of the Quantity Value Fig. 5 . Mariculture finfish production in Korea (2006 Korea ( -2017 : quantity (MT) and value (million USD) (KOSIS, 2017 (KOSIS, , 2018 experimental results demonstrated that the EP feeding was more advantageous than that of the MP in terms of the production cost (MOF, 2005; NIFS, 2009 ) as well as water pollution (Kim and Lee, 2000; Kim and Shin, 2006; Kim, 2009; Kim et al., 2011) , the use of EP does not show a significant increase until now (Tables 2 and 3) . When the use of MP is converted to EP (Table 4) , it represents 152,400 MT. Given the dead fish and wastage by feeding are considered, an actual amount of the ingested MP would be, however, less than 200,000 MT, corresponding to 61,000 MT of EP. As MP feeding raises public concerns against water pollution, introduction tof pathogenic bacteria and depletion of marine fish stock, legal measurement is now being made to prohibit the use of MP in Korea. Recently, the national project to develop the EP is being conducted to replace the MP for the whole growing period of fish. The research is devoted to decreaseing dietary fish meal using alternative protein sources like land animal by-product meal and plant protein concentrates and to increase palatability and digestibility as well as production income (Kim, 2017 Korea (Sung-Sam Kim and Jeong-Dae Kim) AQUACULTURA INDONESIANA An International Journal of Indonesian Aquaculture Society (www.aquasiana.org) 7 © Copyright by Indonesian Aquaculture Society 2019
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Obstacles in Aquaculture Development
As aforementioned, marine finfish culture ranks first in terms of total production value of mariculture. However, the fish culture involves a lot of problems remained to be solved. First of all, the MP should be switched to the EP as soon as possible. The use of trash fish in fish farms accelerates an outbreak of diseases and water pollution as well as the safety problem. A continuous drop in farmgate price urges farmers to gather on a large scale. Urgently needed is a development of new candidate species. Recently, the growing period of flounder was significantly shortened through selective breeding technologies, while rockfish still requires more than 2 years to reach a harvest size of 500 g. Antibiotic use also should be strictly controlled for product safety, although it is still being used at most farms in Korea. Although the standard stocking density should be strictly kept, many farmers do not follow the standard because they believe that 50% of the stocked seeds are dead.
Conclusion
As one of the fast growing industry sectors, aquaculture has occupied a significant ranks first among mariculture species groups in terms of production value. However, a sustainable development of fish farming industry could not be achieved without prohibiting the use of the MP. When the MP is totally switched to the EP, the aquafeed industry could open a new market when the MP is totally replaced with EP.
